
MONTHLY WEATHER BEVIEW. 36 7 

ishe(l and dwellings unroofcd or otherwise tlainagecl, ~~u~r ie rous  
,+,jr1dmil]s :\nd Ili\y.t;taclts \VPW blo\\~~i C ~ O W I I .  Soinr cattle 

Tlie storni WRS quitc severe 
at ])e Kalh, the teICgri\l)Ii wires were c1O\\'U i \ l l t l  cominmiicn- 
tiorl A large bidding was struck 
by liglltni1ig Jjetroit, Michigan : a thunder-storni befi:In a t  12.05 a. 111. of 
t h e  1gtll. No 
damage: \viis done by this storiii altliougli the wind for n few 

\)lew a t  the rate of sixty miles per hour from the 
nortile nirection of wiiid before the storm, sontheast ; tluririg 
the storin. north; after, southwest. A westerly gale set i i i  a t  
midday attuiiiing a velocity of twenty-nine miles per hour. 

Bu@alo, Nem York : tho mornilig 01' tlie 19th o1)ened with 
heavy rain, tlie we:ither co~itin~iecl rainy uiitil the afternoon. 
Cautionary sigrlnln were hoisted at 10.56 a. 111. A severe gale 
from the soutllwest b e p n  ac 2 p. m., leaching a t  3.65 1). m. a 
velocity of forty-four iuiles per ~IOIII'. Tho water in  tlro lake 
wDH very rough, complc.tely subincrgiug the outer bre;tltw;iter. 
N~ vessel left port dur111g the display of cautionsry signals; 

number. that left before tho \v;irnirig wm giv& were com- 
pelled to  return, so\-er;ll of them in a disabled condition. In 
t h e  country Hboiit Buff'alo 1na113' barns were unroofed, while 
fences, hay-ricks, m d  fruit trees were tlirowrr domii by the 
gale, ~ o u n t r y  roads were rentlered almost impassiible by the 
hen\Ty rain, which fell collt~innous~y during the day. 

0 8 \ ~ e g o ,  KCW York : :I Iieavy tliunder-storm and high wind 
OccurTed on tlie afternoon oftiie 1'3th. Tlie rninfidI was Iie;ivy 
between 5 irnd 5.20 1). m. Fro111 G.50 to 7.15 p. m. the wind 
blew froin the west a t  the rate of thirty-two miles per Iioiir. 
A few shade trees were blow~i dow~i i n  the city, :ind consider- 
able fruit destroyed in the country by being blown from tile 
trees. 

San(lusky, Ohio: on tho 19th a galebegan a t  1.43 a .  ni. and 
ended at  2.45 8 .  m., h C @ i I l  :lg:iill ;tt 9 a .  nl. illid 01idPd i\t 6.15 
p. m.;  lllnximuin velocity, thirty-four rriiles per hour from t h e  
northwest, a t  2.05 1'. m. H ~ : L v ~  rain, accompanied by tliunder 
and lightning, set in a t  1.40 R .  m. 

Alden Station, LUZC?rlie county, Pennsylvania : this town 
was visited by a heavy wind nnd raiii storm on the iiight 01 
the 19-20th. Nearly every biiilding i n  tlre town was damaged; 
several small buildings were comliletely destroyed. A hotel 
and a public school building mere partially deRtroyed, and 
severnl personH injured. 

Wellsborough, Tioga county, Pennsylvania : on the 19th a 
tornado occurred ill Tioga county near Knoxville. Tho storm 
destroyed several bat'1lS :in(] houses arid blew down forest trees. 
Its track extended over a distniice of ten miles. Heavy 
thunder-storms aiid high winds were general throughout east. 
ern Pennsylvatiiil 011 the afteriioon of the 19th. A t  Al(]en 
several minors' IIOUSCS mere blown down, and many other build. 
ings uurooled. Farmers suffered considerable loss, tho wind 
unroofing barns and destroying unril)e fruit. 

Decatur, Indiana: ou tlic afternoon of the 22cl a violent 
wind and rain storm did cotisiderablo damtigo in this town a ~ d  
vicinity. M ~ I I I ~  huildings were unroofed ;tiid small structures 
demolished. wes t  of the town the storm assumed the  form of 
a tornado and uprooted many ilcres of forest trees. A b e ; ~ v ~  
storm also occurred on the 24th, destroying fenciiig and blow. 
ing down orchards. In this towu much damage was done t o  
the manufacturing interests by tlie unroofing of biiil(1ings. 
The total damage is estimated at  $60,000. 

Cincinnati, Ohio : heavy rain and thunder-storm set in at 
6.30 p. m. of the23d mid cotitinucd iiutil 6.40 1). in. Tlre storm 
came from the west and moved toward the soutlieast and was 
accompanied by high wind, maximum velocity thirty-twc 
miles per hour. Reports from iiumerous places show that Re. 
Vere thtInder-stOrnls, in Some placos scco]n])anied by llajl IlDd 
high mind, prevailed tlirougliout the state. A t  Urbnna, ill 
Chrsmp;Iign coiirity, several buildings wcre unroofi.tl alicl COII 
siderable diImiIgo done to fruit ;Uid sh;i(le t,reos, rttilroad 
station at  Bluffton, and numerous barns in Wyandot, Se1iec;t 

killed by falling buildings. 

cut off' for serer:il Iroiirs. 
;111d CoI\sUllled, IOSS $20,000. 

Hcavy rain fell bet\veen 12.30 and 11 a. in. 

3 

r! dl~:imp:iig~i, :ii1(1 Alle~i coiiiities were struck by I iglitiiing and 
onrned. 

1 j 1 n i 1 ,  Allc~i coiiiitt3', Ohio: ;it 7 a. 1u. of the 231 a heavy 
rain ancl t11niiiler-stoi~iri set in. Duriiig t.lie storin R large oil 
tank \viis striicl; by lightning aiid bui*ned, together with a laIge 
ouilding and t,lie iiincliiiicrg used i n  rc?fiiiing the oil ; the loss 
is est,ini:ited a t  $35,000. 

Fort, Assina.l)oiiic:, MotltaIiiir: fair, cool \ve:btlrer, with brisk 
,incl liigll wiiicls froiii .the soutl~west ant1 west, prevailed during 
the 23tl. 13ctmweeii 3 :uld 4 1). IU. tlie \viucl attaiued a vclocitsy 
~f forty-oiie nliles per hour. High west wvinds also prevailed 
dnring the 24th i i i i t l  25th; on the 25tli, between 4 and 5 1). m., 
it blew a t  tlic rnte of forty inilcs per hour from the southwest. 

Grand Ht~ven, Michigtiii : he:tvy rain and vivid lightiiiiig set 
in ;It 1.02 aiid continricd until 5.05 :I. m. of t h e  24th ; aaiount 
of ra,infall 2i02 iiiclies. Telegrapli and t.eleplioiie lines suffered 
consider;ible damage, com~~i~i~~ica t io i i  being cut. off until 11 
:I,, m. During tlre storm several Iiouses in the city were struck 
by liglit.niiig. Reports show that the storm was severe through- 
o u t  the surro i i~~~ l i i~g  country, sct\-eral barns being struck by 
liglr tning tind buriied. 

Port Sill, Iiidian Territory : :I tliuudcr-storm began a t  2 p. 
m. cindcoiitinuetl until 4.30 p. 111. of the SGtli. The stormcame 
ti.0111 the southwest arid was :tccompa.uied by heavy ra.in and 
high wiiid, which iiiiroofctl one of' tlio post buildii~gs. 

[l'rcpmed by L i c ~ t .  Jso. 1'. Fisim-, Signal Corps, IT. S. Army, Assistai~t.) 
TORNADO STUDIES FOR S X P T E M B E R ,  1886. 

Tornadoes occurred iu September. 011 three days, the 12th, 
lGth, a,iitl 18th, :IS will be seen by reference to the accompany- 
iiig table, wliicli presents 8 brief history of each storm aid 
tlie autliority upon which the report is based. 

The tornildoes occurring on the 16th mere found to be tlie 
most tlestructire as well a.s the most numerous of' the month. 
In  order to invite speciA attention to t h e  marked disturb- 
ances on this day, ;uid graphically present tho surrounding 
atmospheric conditioiis which were prevailing :it the time, 
chart number vii has been prepared and mill be found on the 
last page of this REVIEW. 

Chnrt iiuinber vii i n  t h e  3 p. m, (Eastern time) tri-daily 
weather map of September 16th. The isobars are drawn for 
every tenth of an inch difference in pressure, aud the  iso- 
therins for every difference of 10' in temperature. The words 

High " and " Low," :is used 011 t h e  chnrt, indicate the centres 
of the regions of higlrest and lowest pressure, respectite!y. 
The location and direction of the progressive morement of the 
tornadoes are shown by the following sigu, X X X X 7 3 ,  

placed upon the chart, nnd to the southeast of' the centre of 
lowest pressure. 

The low-pressure area wit11 which t h e  tornadoes of the 16th 
were associated was one of the  most remarkable depresRions 
of t h e  month. It first appetired in  the Saskatchewan Va.lloy, 
nortli of Montana, on the a.fternoou of the 13th.  From this 
locality it moved slowly eastward along t h e  northern boundary 
of the United St.ates, with little iiicrease in inter is it,^, until the 
aft,ernoon of the 16th when i t  mas then central in extreme 
northern Minuesota. On t h i s  day II decided change took place 
in the cliaructer of tlre depression, which iniiugurated the con- 
ditions of temperattire, mind-force, and direction that prscipi- 
tated the violent local storms of the 16th. 

On the morning of t h e  14th. while the main area was ten- 
tra.1 in Montaiia, :k secondary depression appeared in southern 
Colorado, which at the expiration of twenty-four houm united 
with tile fornier in (leveloping it huge and irregular trollgli of 
low pressure extending from Lake Superior southwestward to 
New Mexico. This elongated aren increased its major axis to 
the southwest and northenst, at tho same t,ime contracting the 
diort.er nxia nntil tJie trough reached from the Rio Orande to 
the fiftictli 1mralIe1, nortli of Lake Superior. Tlie maximum 
conditioii \vas  rciilizcd on tlia adZeruoon of the 16t11, and dis- 
appcnrecl on tho following morning, when the combined de- 
pressions were mntrid as :L single area in the lower Saint L:Lw. 



tlie highest velocities occurring northwest of the region of tor- 
nado centres, a distance of from 800 to 1,000 miles. The more 
rapidly the movement of air on opposite sides of the trough 
towards the-centre, the more decided becomes the temperature 
gradient, and the more m;irked t h e  conditions of unstable 
equilibrium in what may be termed tlie regiou of meeting of 
the opposing currents. There must bo produced tho state oi 
unstablo equilibrium to give rise to those conditions which 
finally conclude in the manifestation of tlic strong ascensioual 
current and the vortex whirl. 

The torundoes of September 16th occurred in central Illinois, 
central antl northern Indiaua, and southern Michigan. Theii 
course of progressive movement was genmill y from southwest 
to northeast. The time.of formation varied considerably iu 
the three states. I n  Michigan, from 11.30 :I. in. to 1 1). m. j 
in Indiana, from 11.30 a. m. to 8.15 p. m. j in Illinois, from 11 
a. m. to 4 1). in. 

Most of the tornadoes appeared :it an early hour in the day 
between 11.30 a. in. and 1 p. in. The USUid time of OWU~'I'CUCC 
is from 2 to G p. m., as dctermined from the averages fol 
inany years. The cause of this rather uuusual occurrencc 
may be found in tlie temperature gradient aud high wiud 
velocities that existed as early as  7 a. m., eastern timc 
From an ex:imiuation of the tri-daily weather chart for tlial 
hour, i t  was found that the temperature gradient of the tornadc 
region ranged in the extremes froin 2O to 5O.4 per geograplii 
cal degree, the average of several measurements being 4O.5 
The normal temperature gradient for the 7 a. in. (Eagteru timo 
September charts for several years, for tile tornado region, ir 
1O.47 per geographical degree. Comparison with the normal 
then, ahows an extreme departure of 3O.93, that is, t h e  tern 
yerature a t  7 a. m., eastern time, wits 3O.93 per geograpliica 
degree above the normal as a maximum, and on the areragc 
3O.03 above. This was a notable abnormal condition, consider 
ing the circumstances of barometric pressure and wind-velocit: 
at the time. Such conditions would seem to justify the expec 
tation of violent local storms for the region in which they prevail 

The most violent, though not the largest number of tornadooe 
occurrod during the afternoon and evening of the  16th, f'ron 
4 to 8.15 p. m. These storms, as well as those which occurrec 
at an earlier hour, hnve their tracks charted on the 3 p. m 
(Eastern time) daily weather map, i t  being the nearest regula 
observatioii to tho hour of their occurrence. 

The temperature gradient of the tornado region for the , 
p. m. chart ranged in the extremes from 4 O  to 1 8 O . 7  per geo 
graphical degree, the average being 9O.02. The riormal tern 
perature gradiont for tlie 3 p. m. (Emtern timo) Septcmbe 
charts for several years for the tornado region i 8  1O.61 pc 
geographical degree, which, in compariHon with the curren 
temperature gradient, shows an extreme departure of 17O.05 
that is, the maximum temperaturo gradient a t  3 p. m. wa 
17O.09 per geographicul degree above the normal, and on t l l  
average 7O.41 above. Although the normal temperatui 
gradient a t  3 I). m. (Eastern time) was only OO.14 per gec 
graphical degree ahore the normal gradient for 7 a. m. (Easter 
time), yet the average departure from the normal gr:idient E 
3 p. m. was 4O.38 per geographical degree greater than at  7 i 

-__ ~ 

rence valley. Throughout the entire length of the trough, 
which bore ;L singular resemblauce to tlie characteristic funnel 
shape of the tornado cloud, with the lower end turned back- 
wards and dragging far to tlie rear, the opposing iiortherly 
aud southerly winds were well marked, with high temperature 
gradients. 

It is significant to note that the southerly wiuds along the 
edge of the trougli were attended by measured velocities rang- 
ing from 8 to 24 miles por hour, the highest volocities occur- 
ring at  places from 140 to 230 miles to the southeast of the 
region of toruadocentres. Velocities of from 5 to 15 miles per 
hour, with southeasterly winds, prevailed at  all other stations 
to the south and east, its far as tlie Atlantic and Gulf coasts. 

On the riortlieru side of' the trougli the measured velocities, 

~ ___-___ 
in., and the iriaxiniuni departure a t  t h e  fornler hour was 130.16 
greater than at  tho latter. These are marked deficiencies 
after eliminatillg tlie effect of diurnal variations, and probably 
account for the greator severity of the storms during the after- 
noon and early oroning. 

The tornadoes of September 12th occurred new the Atlau- 
tic coast, i n  eastern Virginia, nortlieasteru New Jersey, south- 
eastern New York, and soutllern Connecticut. The hour of 
occurrence \vas from 6 to 8 p. m. 

From an examination of the 3 1). m. (Eastern time) tri-daily 
weather map of this date, the barometric trough is found to 

I extend from tlie uloutli of the Sitiut Lawrelice southwestward 
to North Carolina. The wind-velocities along the southern 
edge of tho trough ranged from 9 to 20 miles per hour, aud on 

hetornatlo centres, while in the latter they were clistaut f&& 
00 to 500 miles. 
The temperature graclieiit of the tornado region at  3 p. m. 

Eastern time) ranged in the extremes from G O . 2 7  to SO.08 per 
pograpliical degree, tlie average of the several mea~nrements 
reing 7O.40 per geograp1iic;il degree. 

Compared with the normal temperatiire gradient of' that re- 
;ion, as determined from tlie records of miUly pars ,  which is 
ound to bo 3 O . 6 8  per geographical degree, the maximum depart- 
ire from the normal is 6O.40 per geographical degree, tlie aver- 
g e  beiug DO.72. 

The tornadoes of September 18th occurred i n  soritheru &fit+ 
ouri and northern Illiiiois, betweon the hours of 12 noon and 
'.15 p. m. 

Au exaininntiou of tlie 3 p. 111. (Eastern tinlo) tri-daily weather 
uap of this diite reveals a narro~v barometric trough, lying 
iea,rly due east and west, between Utah antl Indiana. The 
vinti-velocities along the southern edge of the trough ranged 
kom 5 to 18 milos per hour, the liigliest being at  stations mithin 
koin GO to 120 tniles of the tornado centres. 

The wiud-velocities on the northern side of the trough ranged 
kom 5 to 12 miles per hour, the liigliest beiug at  stations 
vitliin from 260 to 400 miles of the tornado centres. 

The tompernture gradient of the toruado region :it, 3 1). 111. 
Eastern timo) ranged in the extremes from 5O.44 to 13O.05 per 
:eographical degree. The normal temperature gradient for 
,his regiori is fonnd to be 1 O . U  per geographical dogree. Corn- 
lared with the currorit temperature gradiout, we Bud that the 
naximum de1)arture for the tornado region is 11O.44 por geo- 
zraphical degree above the normal, and the average de1)arture 
7O.94 above. 

A recanitulation of the above facts :iud figiiros is grnpliically 
ihown inL the following table : 

! 1 %  

n r i h .  
50-75 

4c-230 

60-I20 

- - .  

0 ' 0  

A brief study is thus presented of tho meteorological condi- 
tions attending the development of tornadoes 011 the 12th, 
lGtli, aud 18th of September. Tho prominonce necessarily 
given to mind-direction, wind-velocity, temperature gradient, 
and the form of areas of low pressure, indicate their impor- 
tance in a knowledge of' tho causes incident to tornado forma- 
tion and the conditions which may justify their prognostication. 
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,,A lnrgo bluck cloud Iinngiiig very low iriid awecilillg nwil'tly over tlic g r o u n l ~  from sw. Thcro Wns n low, rllninonw ronr, g rowing  loudor nlld loudor, n briof ln11, und tlion iiicren#illg 

bThc  cloud h i 1  II rising nnd f i r l l i n ~  niotlun nnrl H W U J C V ~  froin sidc t o  sidr. Sovurirl of tho il~aaaivo s tone stops lending n p  to tlic c h u r r h  wuro l~ i i r l cd  duwn to tho ground nnd  brokoll 
I n  crossing Onancock Crcok the cloud gnthorod up nn imnionso qiiaritity of 

c T I ~ o  cloiid wnn vury nngry iookirig, Im~cedccl I>). white  wciidn in  froilt, no1iic of tho points  of wlilcli wcro low onougli to touch  tlio tops of Iionaiw. Tho funncl  cloud \vn8 too liigll i n  

d T ~ O  clouds woro obsc rwd  i n  w. in  rnpld cn i i tu r t iun~ ,  n o w  risln 
t o  eldo In n n w u y l l i ~  Inotioli, rnuailig dcatrlictioli Wllrrcvrr i t  tolicfioc~. 11s rol l tor l ions rraulnblnd n grontly t roubled ncu, rol l ing a n d  t l lmbllng nlong. It wnn ncconipnnleil by 8 load, 

,-oarin(( iioiau, like I\ triiln of cnrn; lisiplit prolinbly nno lsiindred fuot nnd dinnietor flfty to novouty-tivo foot. 
L Fnpnol  cloud wnn Ilght blue nl toi;, nnil in  ?runt blirck iind onlinous, a# i t  r o w  f r o m  tho liorieon. As  I t  ascended I t  nppoarod to d r a g  n f t r r  i t  throe cloiids of niniilnr shape a n d  color. 

The clolld Wnn acconlpnliiod by  11 lolld, ronrinp nolro. 
/Tho cloiid formod rapidly ill tlio w., lmilig nindll u p  frUlll n collrction of dnrk  clouds wlrlcll CnlnO frOlll nw.  nnd sw. b rough t  to  viow nbout  twen ty  minutca proviously by  MII ord innry  

~ l i o  clouds ~ i u d  t w o  nurrow stronniora o r  fiiiinoin n f n  vcry ilnrk grorii color. 11 wns nccoinpnniui1 by a toud roari;ig noieo likr n trnin ofcnrs nhnking tlio rnrth. 
gTI!o storm wnn of n twist iug clinrnctor, nnd wcnt  111 iinrrow ntripa o r  anlnll wliirlwinde, destroying cvorgthing In Its psth:  
I L igh t  wlilrllug. black CIOIIIIR, ncconi~iuticivl by 11 griu~t, ronrlng nolnc. 
i T h e  cloud wns acconipanicd by  a loud, ronriiig iioine. 
jTl1o cloud rcsurnblod n hug0 wliool in  tho H'cI(te1'11 nky nnd nloved with wonderful rapidi ty .  
kTho cluud nlipciiroii liko n grunt wlircl rrvolvilig i l l  tlic wwtoru wky. 
1Tho cloud lind a rining niid fnlling inotioli nncl ronrud likc II t fn in  of c i w .  The  tornndo cu r ron t  was ovldonlly i n  the fomm of t w o  CUIIOB wlt l i  npoxoa 11r11tecl. Tilo nenrur tito apex 
mTlio clriuil ncwined to  In! vr ry  low down nnil very rnggud, n n d  tho Hky lind n ilnrk, grcwninh t i n t .  
n Tlic nppor innrgiii of t l iu  cloild wnn Yory clnrk, w i t h  I I  inult l tude of littln odtllon working toword tllo c(.titre. 
o T w o  clouds froin nw. nnd nw., nccoiiii~niiicd by scudding cltiudn, iiiovcd rnilidly t ~ w n r t i  ouch othcr .  

p ~t 520 p. nl. n foamy, virlinry, irrcgiilar r lui id  nitiinnrcd in t l io s w .  

to tilo nosntl of n t r a in  of cnrn riinliirig tliroiigli i i  tri~itiel .  

to wntor, wllicll wna thrown to tlie gruiiiid boyond tho crrck \\ itli wiicli violcnro nn to ciit liolcn in  tlio cnrtll. 
A plcco of iron cnst ing w i i w  blown II dintnnru rd tlirco liliiidrrd yiirdH nnd cnibcclded i n  tlic ground. 

t o  csiisu much  dsngc!r. 
t o  ii corinidornldo Iioiglit, now dcacunding t o  tho cnrtli. Tho f\inncl cloud wnw very ua r row nnd  J I I I U ~ I C ~  rapidly 

junc t ion  enmo t o  tho enrtli tho nioru drs t ruct ivc tlia toriinclo. 

L igh tn ing  plnyod fronly on both ridos of tho rnpidly sppronchil,g cloud. 
tho cloudr inot n Iiugo, f u n n r l - r l i u l d  clolld cxtuidr t l  dnwiwibrd. 
at a iorriblo rnte  of speed. 

northurn port lun and niovcd ciwt\vnrcl very rnnidl?. 
in It0 path. 

Tlic rloiid uctcd l i h  ii bniloon, bobbing u p  nod clown nud nwnyiug froin atdo to sidc, b u t  at tlio nnuao tinlc tnov i i~g  fo rwsrd  

1:or n t ime  i t  r o m i n o d  nppnruntly ntntionnry, then d l  at once tho soutliorn portion selintntod front tho 
In ton minu te r  I t  burst lipon 11s i n  terrific fnrco, dostroyir,g rvcryt l l ing TIN* clowl wn8 wliitirli, t i n t rd  fnintly w i t h  greon nnd purplu. 


